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2.5 ' Z it 
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575 nm 
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& fit & ai ^ > 



jK, (Y 3 Ce x Z y )Al 3 0, 2 ' * tO< 
g # (Ce) « *h # A £ it 
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3. 585 nm^L « # * J- * It ¥j 
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The subject invention relates to yttrium aluminum garget fluorescent 
powder having formula (Y 3 . x . y Ce x Z y )Al 5 0 12 or (YjCe^^AlsO^ , in which 0 <x 
5^0.8 ' 0.5 <j/^2.5, Z being selected from a group consisting of an element of 
rare earth metal other than Ce. The subject invention also relates to a pink light 
emitting device, comprising light emitting diodes as a light emitting part and 
fluorescent body comprising yttrium an aluminum garget fluorescent powder. 
The device uses a purple or blue light emitting diode which emits a wavelength 
of 400 am to 450 nm as a light source of the light emitting part. The yttrium 
aluminum garget fluorescent powder is excited by the wavelength of the light 
source and emits yellowish orange to orange light having a wavelength of 575 
nm to 585 nm. The two above light wavelengths are combined to produce pink 
light. The subject invention also relates to the preparation of the yttrium 
aluminum garget fluorescent powder. 
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£ * 4H/W!fl ( 1 ) 



(Ce) ^ *h 4i # A A /c * • 4fr W M ^ is * it 4i jg. # 
# it — & ft (Light-emitting diode, LED) # it if. #i #2 JL 

* ^ £ ft # ' • & ^ ft # <h * # * 3& * ^ * # 4- -M ^ + 8 

* B# « JL ) * & 5& & B# W > & tfr A ^ it & ( ~ 10" 9 

& * i& F£ ?'J £ #7 7C # * * IS AT * & #. ill * # #1 t >? 
Ife * ft » . " Jt *h > # HJ. it * 4l * * & J* 0£ • & & * ^ 

#r m # 4i s? it # it — & ft -s. # & # t /i- m- 1 as. t 

( #i 20 mA); I^^S (8000K) W 4& A X F# it g. JL a # & 
•t± & i£ $ 'l± JtE 4i 0 & » ( =. ifc -ft. 3! ) ° 

3S. 4- * -f- 4i LED jtf ^ 1968-^ ffl Ufr - r?n ' i i 1993 ^ 
B * 0 5 ^ v s] ^ fel f i t li 51 ^ 4. GalnN $ j£ it LED^ » 

* «. ^ #i -ft 4i LEDJ. # U It $L ' & f% ' *» # * « fe ^ # 

it — * ft £ is r£ it us # ' 4& a n ^ M & $L it & *&■ & ^ # 
it — ^ ft ■ % mifr it ' niir£fltfla«--«^r#«-jai^4i# 
it — & ft - 

^ (Y.,. A .. y Ce x Z > ,)Al5 0, 2 ^ (Y 3 Ce. v Z v )Al 5 0i2 ' It0<^0.8' 0.5 
< > ^ 2.5 - Z H M (Ce) « ^ # A ± M 7t ■£ ftf ^ 4i 
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i * %r*fivL*fl ( 2 ) 



p- is. 



* # a /l 4i 3 - a 6<j hS. ^ ^ ^ - # # ^- ^ ^ 1 

# it, tt ' * t # ifc — & ft * A ife * 400 nm S. 450 nm 4i 

f jfcifiifc • «A.is-«j»^s!*ife,*&-**it, — & ft #f tb 

*. A 575 nm 5. 585 nmt * -fr ML 5. « 
^ - — =fr 4i ^ M % ^ «. JL £ # ^ # ^ £J # & * • 

B g 18 j| •% 33 

ffl 1 # « ^ & 3 4i * 4l 4S & t% & 32 & & ft (Y 3 .,. v 
Ce x Gd y )Al 5 0 12 » £- x = 0.05 • jy ^ M Jk 1.2 - 1.8 #2.4 iX * «■ 
4t to if ° 

ffl 2 if. ttjfc -ft 450 nm J* # % 0f *J # 1T #'J 3 4§ ;S ^ 

^ 32 * * ft 4i # # * it • 

ffl 3 A ^ . a m 2 4i # M & n if % # 4i & ft e, /t. & # A 

# -ft 450 nmi & £ # B J& 3& F£ #f it & 4l ^ & it ift & 
-ft £ # ® 4i & S d£ . 

# 91 to 33 

*. * B ^ M ^ - * *L & & & & 32 * it *&■ ' * * ^ (Y 3 .^ 

Ce JC Z v )Al 3 0i2^(Y 3 Ce x Z^)Al50 l 2 ' * t 0 <*^0.8 > 0.5<><^2.5 > 

Z fa it it m (Ce) vx ft 4i # JL ^ >i 7C ^- ffr is. A 4i to • * * 

^h4L#i#^7t^-eL^4L (Gd) - 4£ (Pr) - ft (Nd) - i£ 

(Pm) * # (Sm) - K (Tb) - *ft (Dy) » 4k (Ho) » &f (Er) - 4£ 

(Tm) > if. (Yb) $8 (Lu) • Mteitk • ^ ^ (Y 3 .^Ce. t Z y )Al 5 0, 2 ^ 
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7t 

at 



(Y 3 Ce. t Z y )Al 3 Oi2 t 1 0 < x £ OA • 1.0<j/£2.5 - JL Z ^ 

# ^ # sfl * * *&• t S. -y — * ( # »a ft 4l # A M, 
ik ) & * ft -l± t «a • »T IS- & #1 & £- & A & tb W rfn Jpt 
^l£l«*-t^.te* < 3 *r A & #^ *t n &. ZL $ % Jt 
4£ $L «• & # • #ttt • #.#'?>l&.iS-S;W^4!#**&' 

# * — & ft #f # A -ft. -4 400 nmi 450 nmtf All* 

# B# ' # ifc -ft. ^ 575 nml 585 nm t If f I If & 
A > * * ^ m. & 4i * HE. >£ ^ ' Tli & ^^^r^ ^ 

«■ ^ 4l * * m ^ n * ^ n w & m. * * * 4i # 

# • & **.4i * & *&■ $L * tL ® M JSL M zl -fb * ^ • 

? ' S i A /I ir. #f ^ >S # # ^ m & tt #<] • M & 

$h (pyrolysis) * %L (calcination) - Is (sintering) 7k. s£ 

(reduction) Aafla*L#*ifc*&- 3 6 jfc *L 4i $ * 3 
ik ' & ft f£ & #5 *BL JL * 3 • la *h itt - lb # j*. tfj 
ft ^ * #f «fc 14 » ^^«.feSii'M#'Hif • S 

jfc ' *t *■ # B /I * A 4i ffi . #. « >fb ^ el & & fg. ^ , 

# It ft J# * -s. * ^ get * • 

$L ft *■ # ^ * A ^ 4i ft flf- . £ & « T # 4? : {\)HLm 
«tf>t^--ti->|M^)t fH ^ /9f «t >i 4i 7 Jc ig: It&M • 

^ vx m & n #i n • n # a ^ >& ^ % ; (2) ^ ^ ^ 

^fti^?f*tf A *. >^ * * (3) $l it * # ^ #J ^ ^ 7 Jc >ft 
t ' ifc**ifcia. , r T -£.£-4&#£' : (4) m 4t * * * 4i pHfi £. ^ 

3 • JL-fit?jc*>fcj5S.A#J*{.|4 : (5) 3fe ^ # #J *t tfr A - # $'J 
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& ; (6).«. *fe *t ; «. (7) & m m #7 • 

jss ( i ) t #r # -ft ^ ^ *r a ft n & jc 4i -ft & ^ - # -r Jb 

# « (3) t m m % & mt ^ *r ^ it m ^ 4r 4 ^ a «■ 
^-^^•^ii^-^'fb^^ ■ -r ifi # $sa $l & ' is. ^ m. & 
lit - iH # # «t • *^#j4Lffl4-r^e.^#it# • 

^ JSS (4) t ^ If & ^ vfr a£ ^ ft 'Jc >jg: 4i pH ^ 3 ' M i£ ft pH 
^7 - £ ik it pH ^ 10 • t& & ^ & % $k & * M $k £ m i>l 

tin • »T ft. Jf] t 4ft £L & ' is ^ FR. £3 ' #'J £ — 

^ • ^ j?i a ^ ^ a ^ > -is * fs. ;t ^ it * • 

^ # SSI (4) t ' *T & # i& Sfc pHl #f Sfc <fl . > ft ft <5T 
^±^i£i£. i&^/i£^;&4i^/k > iH *» H & & ^ i£ ia flfc 
# *g J* 4i - & 0f & m 4i i£ ik * A ^1 20°C • 

/^ffl^^^m^^ft^^^^^1f^^^t,a^^^^^ 

4l X jS. fln £ ' — *t A * A ^ 400°C ' iv 300°C • ^ ift -ff # 
3$ (5)4i # ' f ^U-^^f^S ' ^ « 3£ * ^ 

ft /If #7 • 

IP- % (6) t 4i m ft, ir m (7) t 4i ^ l# # ^ w % ' & 

W itb j § it % a i & ft i& m m ± M, it # ^ j: 4> >^ ^. - iq 

A & / ^ «p it ^ « f ^ o w ^ , ^ ^_ ^ (Y 0 .55Ceo.o5Gd 2 .4) 

Ai 5 o l2 af - f/f e *i s i g i t a 9oo°c s. i2oo°c ' *a *■ 
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m 4t A iooo?c » r?n % & a A. is si 1200T; 5. i6oo°c • 

* ffl # Jb 1500°C - jRj*A^i!tT-t 4 «, t il-ff ' *» * / ^ -§P 
it 1 °C / if J. 1 0°C / ^ It ' to -h 5 °C / £~ 4 • # JQ! (6) 

«.-T*,«fA««%4L^*t^7 - # it *r # JW (7) 4l % J£ ■ 

# jb (7) 4l • «. at # «■ % & «. ^ ^ ft it # # 

ffi ' it -ft it # JL ft t >x A 3L it 4f • it ^ It ft «T Jb 

it 4l ft It A >* ^ a ft • >& ft ft *» £ a 4^ ft ft « 

ft ft ' * % ^ tb »r * * # it # ° ' «. a ft 
*r Jb h 2 /n 2 ( 5 % / 95% ) • & i g&.**&ms^-k^$Lii;-£m.m& 
t«ii«aA&a«^B»»ii#ii/S^ffl • - *t it # & a 

4> 1300°C 1550°C ' *fc # Jk 1500°C I #r # it J& S# |U] Jb 6 -J> 

E^4^*^*ifc«-4L^.itJR* > tL & y'X T # m : (l) 4fe 
#f St * >t *&■ A Is. A «s \H 3* & m «fc .5 4l *. -|± ^ ^ 
#7 ' -f- m «f & it s>\ stj 3 & ' *L # 4& *&■ >& ^ * ; (2) # 

^ >& & & ^ *. t ^ A j£ • (3) ili] 4^ 7]c ig. jft 4l pH<t 5. 



Amfcyj ; ( 4 ) & a* # J* & ' # s'J & *t 



; (5) * ife & #i 4fc ; a (6) ^ & jft**ftiiD» • 

# jQi (i) t w ffl -ft ^ Jb -& n & J: ^ 'ft ^ ^ ' ^ a 

# « (2) t /vf ffl tr a * ^ -f- 7 }c . # ^ jk — i£ m * 

p m (3) t ^"^ * ft. pH ^ 3 - & it pH ^ 

7 • £ ft ph £ i o • » a t tin & ' & tik & 2l m 4* to • 
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A7 
B7 

JL * ( 6 ) 

^rtftm^-fit&tiktLte • is. * pr. & f& m ' -w z* — jb? • -r 

Jfl ^ i& & ' * Fft. £ ^ It, ?jc - 

^ # 4$ (3) + ' ft £■ >* 5. 0f *fc pH-fl 4& • If- & *> * 

( * ' ff- if #t 4fe • 

;! ft 5t • 3fe ^ # a A — ^ ft ^ 400°C ' #-J db 3 00°C • 

*£ o 

# J® (5.) t ^- ft ife >3t # «! (5) t ife ir- A % & & m ' & 
W >-t *I & #f ><v i «T ii ft fetf m ^kM m. j£ > « 

« t^S - #<J *> > ^ £L # (Yo.55Ce 0 .o5Gd 2 . 4 ) 
A1 3 0 12 s# ' /9f*fc-*.ftjfc3L/Stf&ffl'srJ& 900°C 5. 1200°C '» #x # 
Jfl # A l'OOO'C ' ftf-ttSHl^r^ 1200°C 5. 1600°C ' 

t m 4t A 1 5oo°c • Jt^^ti^r^si, tit# ' ^ * / «p 
it ^ 1 °c / a- # j. io°c / $-$k ' iH *» 5 °c / ^ & • 

^ «P (6) «. ' T ?£ & # # «. *fr * it *r it ^ ^ 

ffl ' m j$ ft m i$ & & j% %i %i t & & &h ° it ^ «. n *r 

4£ *T it ft j& % JL ft ' «, & ML ft ** & a * IL JL 

4L ft ' * >*& £• tt #<1 ?£ * # *» « it # • 04 *» • >% 4L ft 

-4 H 2 /N 2 ( 5 % / 95% ) • m % Jb^*fc*>^iTr***itffl 

3l 6<j ifi # >S jfc. >5. it ^ ffl y'X it -ft it J& ft m " - t15: S^Sit 

1300°C J. 1550°C ' $Z & A 1500°C : - & it ^ Bf |U] ^ 6 Bf 
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A7 
B7 



£- » &*jm*A ( 7 ) 



JL 18-h » A 12- J* Bf • 

ft * >*■ >a. * » * ' U # *■ # Q /l #r «fc ^ ft *r * it - flf 
«L # J. 4fe ' ft ^ m & £ I * ^ I ^ > * *fr ft « *a « JL 
^ 3 ^ « ft - 

#• * *b * it — & ft XL & *L 4S & ^ 5! * it & ^ * * 
It ' t ' tfc is iS # iS S! «• * *&■ * * (Y 3 -^Ce,Z v )Al 5 0 12 il 
(Y 3 Ce^)Al 5 0 12 • JL 0 < x ^ 0 .8 > 0.5 < y ^ 2.5 - Z if. J. •)? - « 
it g # (Ce) iit^4L#i.4rA/C*/9fiSEA^.^iSBL- # ^ *h 
# i 7G * & il (Gd) * it (Pr) - 4£ (Nd) - iE (Pm) - # 

(Sm) • *& (Tb) > «j (Dy) * 4* (Ho) * H (Er) > 4£ (Tm) > it (Yb) 
^ & (Lu)^ « #5 # i& - #f * £ (Y 3 . Jt . y Ce x Z J ,)Al s Oi2 A 
(Y 3 Ce. v Z > ,)Al 5 .0 12 4L <S^*^^*ifc^t - 0<x^0.4> 1.0 < 
y ^ 2.5 > JL Z Jb 4L 3 

*■ % B % te & # it St X # #1 /H # A >& 4, 400 nm JL 450 
nmt — ft -ft Jb it i£ • x t t 

«. it & # ^ # itj -fe Js> 575 nm JL 585 nmt « # it JL * it 

it • 

« (S) B# 4a £j? * iL ^ U & ti§ i6 2! * it #f A £ it 

ft Jb #'1 ' » 400 nm JL 450 nm $e SI # it JL J£ it # it — fa ft 

it « J» *■ T ' # £fa afe -k A 575 nm JL 585 nm ^- it JL « 

it • it — « M )£ i t 7 I 1 t & ^ ^) t t k & ' 
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IL & % ifc 4% ^-fc 1$ & ° & it *t # 4i it *M± 

if; #'J ffl it & it it if (Photoluminescence spectrometer) *r 
*fltift-ft*#*lt^e ' * ^ it i# 0f if: 4l & * lit ife ^ #|P B£ 

# *r it if 8* 4l # ilk. -k ' *- 4fr B /l 4i f5] b# ^ 5. ^ — # it ^ >^ 

£ 450 nrat ^ it ^ i£ it # • 13 B# *T # ifa tfj jfc -ft. H IS J* 

575 nmi 585 nmt «t it it J. * it ° r^#ft§§LjSL*Jlfg'j&ttB# 
»Jflf ^ittf ^^t.k7fe ' jfc J$ m. 75 «. it ^ Ji # — 
***|S|jfc*.4L7fclfc|5Jl$ *I & # & Bf . a * * * ft ^ <B 

%'i j$ & ok. $r & m ° & % & Jt & m > m (x, y)& > 

<£. & /t. ^. # n (CIE Chromaticity diagram) ^ *X ^ — it jfe 4i — 

i® £ &. A M & m » #f it A 4l & i& _t • #L mj$L£. it * B it if 

% # *l " a u > # vx % %l m ' m m * it & u it # 

# £r # B ^ 4l ' A A * it ft 0 a&^^T^A 400 nmi 45 0 
nmt # it J. J£ it 4i # it — &. ft ^ & # it $ ' # & vX it # 
4i "t jjg, gp -sf # - # it # -fife. 4l ft- #x # it — & ft • 

#^*Bi ' % it yx ^ & n?> & & Q % it®? 

(Y3.^ v Ce x Gdy)Al 3 0i2 ' £-tx = 0.05 - j/^#JA1.2 * 1.8#2.44i 
X it 4t it it ° *b ffl 1 ffi tf ' M Hf. Y 3 Al 3 O l2 <L & & )fe & *k ft. 
X it & *■ # ^ Hi it tb *j- • ^Tf-t^^Aiil^^A^ 

4l # # • if # 0 2 ■ 450 nm^ # % »J # _L 

idt 4i (Y.,.. v . y Ce,Gd y )Al 5 O l2 # it «■ 4t it if • *>|2tff • t * 
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9t JL + #-^4c^&tt4&£ • * 0f «■ 4l £ & *. ^ & a 
it -k $H -k i^J ^ ft ' Pf — *fc 4l &c -fi # - IB 3 fff ir A 

»1*#JH-ifclt4iJfc4tiSt 193 1 #- t±7 B >s QjO # I # (Commission 
Internationale de 1'Eclairage • CIE) ftf #J *T 6<?j ^ # g) 

(Chromaticity diagram) 4L^^*fe#j#,jfc£>fc*&-0f.ft4t4Lg,£. 
& # ° * ® (Y 3 ..,. r Ce. v Gd y )Al 3 0 12 (x = 0.05 > y = 1.2 » 1.8 # 

2.4) 4l g,Aife#^*fc*Jfe450 nmt fclifll (0.1738, 0.0049) 
^*J«A - B > C M D & l£ » J6. « A #1 * A A > B - C 

# D R W 4^ i£ Ifc • * ffl 3 4fr % > ifcitlk-g'i&ifi & 
t ^- S % ' * ?P ' & & >% ^ J& m. > f A ft i ?£ # 

iaraB**.**A 450 nmiiifcjfcifr«-Jt-7E,iK J *7fe(A » B ic C 
.» ) *| i^Sf ' f « 1 i t ,k £ ^ ^ f • in # >i $ 6^ 

at > #J ffl W ffl * - 4fr ifc t * & *&■ ' *» (Ya.^Eu,) 

A1 5 0 I2 - A*fe**##j&j£ifc#&^;&ft#Bfci*j4$- ' *fc *! 
tf**«"fb*la/S.^.t#^± J t#a*^fl|^ • 4: *fc > m * # 

« ' & it # *r «. Ql ' & n it * % z? T # - # * # 
■Ml & *t e. # * — & ft . 

*x t n t & m ^ - # ift ^ # ^ - & ^ it *jf & n # * 

-21 Jt ft & # Bjj f ^ , •£ . ^ ^ ^ jg, f^,J ^ ^ ^ ^£ ^ 

*- ft w $i m PR pi o 

£AiLL( © ffi iS. * ) 
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A7 
B7 



<$L Y : Ce Gd : Al = 0.55 : 0.05 : 2.4 : 5 -fb ^ if * tb - 
#1 0.4021 it *S ft [Y(N0 3 ) 3 • 6H 2 0] - 3.5748 it ft 48 
[At(N0 3 ) 3 - 9H 2 0] * 0.0418 £ X* ft # [Ce(N0 3 ) 3 • 6H 2 0] ft 1.9824 
it M ft 41 [Gd(N0 3 ) r 5H 2 Q] - *f # JpL 4i ft VX Of & 7T g. Ml 3 



Wr >* ^ * 



At ' i£ 2 Jt t ^ 5 °C / min 4l ff- S. i£ 



^^^1 1000°C it H ttl 1& ° 24* B# H # 5 °C / min^L Bfr i£ 

^•?pi is - 

3f£«ik4fe4L*&-;fc. ' *4i#J[^#Jftt^$4tt« 1500 
°C J£ 24 <J> Bf - & & jjr 35 4i 4\- F£ 2 it * A 5 °C / min • 

9f^^.«fti^^ • T*l*##4ll* H 2 /N 2 (5%/95%) 
^ iS A 5t t « 1 5 0 0 °C it *f it 12 * Bt • ifc 7? ^ <S t 
^ Ce 4 " ^ it ^ A Ce 3 " ' H>X|£*£-#ifc£A • *^ - 
Sp i £ £ 4$..*. its (Yo. 55 Ceo.o5Gd 2 .4)Al 5 0 12 ^ >b • 

tAiil( Bf- ) 

ffc Y : Ce : Gd : Al = 0.55 : 0.05 : 2.4 : 5 -ft 4£ if * rts ' ^ 
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